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Abstract. The Sada Limestone in the Upper Cretaceous Nakamura Formation, Shimanto Belt,
Shikoku, Japan is known to yield abundant “Thyasira” and “Serpula” fossils. However, the whole
assemblage has never been studied to an appropriate depth. We present a preliminary report on the
mode of occurrence, lithology, and faunal composition of the Sada Limestone followed by discussion
on its origin. The limestone crops out at more than 10 localities in an elliptical area (250 m in NE-
SW, 400m in NW-SE direction) surrounded by Upper Cretaceous siltstone. The boundary between
the limestone and the siltstone is gradational, which suggests that the limestone was autochthonous.
The Sada Limestone consists of three lithofacies: 1) banded limestone (detrital micrite with parallel
calcite-sheets, showing inverted stromatactoid structure); 2) “7Thyasira”-“Serpula” limestone (detrital
micrite containing abundant autochthonous “ Thyasira” and “Serpula”); and 3) sparsely-fossiliferous
massive limestone, composed mainly of recrystallized sparite. The three lithofacies alternate with
each other with intervals of several meters. The “Thyasira”-“Serpula” assemblage is associated with
other chemosynthetic bivalves, such as Myrtea? sp. and Solemya sp. “ Thyasira” shells are large (8 cm of
maximum shell length) and conjoined. The shells are densely packed in the limestone, whereas in the
surrounding siltstone molluscan fosssils are rare. The taxonomic composition, mode of occurrence, and
lithological characteristics such as inverted stromatactoid structure suggest that the Sada Limestone is
seep-related and the fauna represents a chemosynthetic ecosystem similar to many other thyasirid-rich
carbonates worldwide. However, to verify the hypothesis requires further biogeochemical approaches
such as stable isotope and biomarker analyses.
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Fig. 1. Geological map of the Nakasuji lowland belt (Kano ef al., 2003) and the studied area. 1. Nakamura Formation, 2. Gudo Unit, 3-10.
Domeki Formation (3. Kusushima Mudstone Member, 4. Daiyoji Mudstone Member, 5. Marunouchi Mudstone Member, 6. Kaba Mixed
Rock Member, 7. Kurokawa Mudstone Member, 8. Iwasaki Mudstone Member, 9. Fuba Shale Member, 10. Uyama Sandstone Member),
11. Hirata Formation, 12. Tanokuchi Formation, 13. Tatsugasako Formation, 14. Hiromi Complex, 15. Neogene intrusive rocks, 16. Dip
and strike of the normal strata, 17. Dip and strike of the overturned strata, 18. Syncline, 19. Anticline, 20. Megafossil localities.
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Fig. 2. Locality map. Numbers prefixed by “SD” show locality numbers. Contour lines are traced from the topographic map of “Warabioka”,

scale 1:25,000, published by Geographical Survey of Japan.
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Fig. 3. Lithological features of the Sada Limestone. a. Banded limestone (loc. SD01); b. Banded limestone (loc. SD04, floatstone). Dashed
lines show inverted stromatactoid structure of calcite sheets (cal-sh). mi (micrite); c. “ Thyasira”-“Serpula” limestone (loc. SD02). A
colony-like concentration of “Serpula” tubes. Longitudinal sections of tubes with recognizable septa (arrows); d. “ Thyasira”-“Serpula”
limestone (loc. SD09). A “Thyasira” conjoined valve in life position (encircled by dashed lines), showing geopetal (white solid line); e.
Massive sparsely-fossiliferous limestone (loc. SD05); f. Irregular boundary between “Thyasira”-“Serpula” limestone and siltstone (loc.
SDO03). Dashed lines show calcareous siltstone, Note the gradational boundary between the calcareous siltstone and clue surrounding
siltscone.
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Fig. 4. A limestone block at loc. SD03. a. Lithological succession composed of banded limestone and “Thyasira”-“Serpula” limestone, in
ascending order; b. “ Thyasira”-“Serpula” limestone. Conjoined valves of “Thyasira” (encircled by dotted lines) are concentrated. Anons
show geopetal infilling of conjoined valves; c. Polished slab of banded limestone. bm (black detrital micrite), cal-sh (calcite sheet).
Dashed lines show inverted stromatatoid structure of calcite sheets. An arrow shows upside indicated by geopetal in Fig. 4b.
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Fig. 5. Polished slab of the Sada Limestone. a-c. Banded limestone (loc. SD01). vertical section; d. “ Thyasira”-
SD09). bm (black detrital micrite), gm (grey detrital micrite), cal-sh (calcite sheet), sp (sparite), fl (flow structure), ip (isopatcheous
cement), gp (geopetal: white arrow shows upside).
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mi BEIZ T4 F)sa ¥— MRIEGFAO FUSERL, DS RERZ20W L Tnwsd (BEAED. loc. SDO7, BHk==/1 b,
JBRLF 032 — MARZEW O MR 2 U S 2 a2 (ARED . v— MRZGA O BRI O BERE 22 5 K — 2RISR T 5k
etk A b (FBKHED. loc. SDOL. EAZ=2)V i c. “Thyasira”-“Serpula” K. AR “Serpula” I [REEREE RO S
% (HRED). loc. SD03, BElit==t/V ;d. “Thyasira”-“Serpula” K&, HERWDOEZE CTHORNTWaWnLa 1 K (HEH)
Z% <&, loc. SD04, BAft==/V e, . BRIRBIA A, loc. SDO3, e. BAM==/V, f.EHIZZ==/1.

Fig. 6. Microphotographs of the Sada Limestone. a, b. banded limestone. fb (fibrous cement), md (mud infilling the lower half
of sheet cavities), mi (detrital micrite); a. Lower boundary of a sheet cavity cutling a small shell (arrow). loc. SD07, one nicol; b.
Upper flat surface of sediments infilling depressions in a sheet cavity (open arrows). Botryoidal calcite growth on the upside
wall of a sheet cavity (solid arrows). loc. SD01, crossed nicols; c. “Thyasira”-“Serpula” limestone. Open arrows indicate
septa recognizable in “Serpula” tubes. loc. SDO03, open nicol; d. “ Thyasira”-*Serpula” limestone, containing abundant non-
compacted peloids (white arrows). loc. SD04, open nicol; e, f. Sparsely-fossiliferous massive limestone, loc. SD03, e. Open
nicol, f. Crossed nicol.



T N L 5 T o R A HLR A A KR DA AR AL A 2008 410 A

X 7. feHAPREE KA.

Fig. 7. Fossil bivalves from the Sada Limestone. 1la, b. Myrtea? sp., loc. SD04, UMUT CM29565, (a) right lateral view, (b) left lateral view;
2. Solemya. sp., loc. SD06 (floatstone), right lateral view, missing anterior part, UMUT CM29566; 3, 4, 6. “Thyasira” hataii (Katto and
Hattori). (3a, b) floatstone, inner mould, anterior adductor muscle scar encircled by dots, KSG6001, (a) seen from the diagonal between
anterior and left lateral view, (b) left lateral view. (4) loc. SD04, left lateral view of inner mold, UMUT CM29567, (6a-c). loc. SD04,
UMUT CM29569, (a) hinge of left valve, (b) dorsal view, (c) left lateral view; 5. “Thyasira” sp. 1. loc. SD04, right lateral view of inner
mold, missing anterior part, UMUT CM29568. UMUT. University Museum, University of Tokyo. KSG. Department of Geology, Faculty
of Science, Kochi University.



b 84 = TEJFESE -

—05, BROINEITONWTIE, FXEIERAZEH L, BB

EARI) 2 FE DN TH D D RRIERBIC 1T TRRO BN D, 3%
DAKRE T IT BB P RIEROHBBOOND.
NHOREI, NTFTUHAFBOFTY Thyasira J& O R
C—%35. LirL, AT, ChECTiEfisnk
Thyasira J& OB AEFE> ML O HEIAFE 1 b~ THE D TR (%
ER8cm ICET D) THD. Z0FkV A X, BLOER
U 7= BB IR O B ¥ X, Conchocele J& 12T L A —E 7
5. &AM, Conchocele J&ITFRAIZE D>UIWHIR TH 5
(Coanetal., 2000) M T, AFELIIERDL., ZhbDI L
N, KEDBAIZOWTIEEEMIT “Thyasira” & L7z,

“Thyasira” hataii \”ZFEFES 2 B ELA & LTI, H
B CHGHORED 2 R8O 5D “Thyasira” sp.1 (M7,
5), ¥XZ L HARD Solemyasp. (A7-2), VFHAF
D Myrtea? sp. (K 7-1) 2567z,

ERIEA 1L, BEEM05~1em, £ S 10cem LAk
b0, LN <RY 2H D bITITEARIR RS
%. MBS EIC Yo 2 Wi IS B W Tt BN, T
WCIMOTIR % U TeBREEDS I cm BE TR SNV TV D ERT

WRDHIDL (K3, 6c). AWDOFa—T1F, lELk
VIR HDBoTEDTHZ L, FIFPTIcae ==k
AT D, TORERIE, BUKELOSHEKADOF 2 —
TU—LADOREICEE TS, UL, EEoX)
RENOIBEEREE L, BHADF 2—T U—ATEHEDD
T, ERAKED ZOFREEE, HE (1902)
LIk, BEESWM A > I h A BT E T 5 Serpula &
L T ST & 7z, BIREEH serpuloids 1%, B4 -
A Z b THLFEE Lo THRESI N TS (f
% 1%, Juniper and Sibuet, 1987; Ohta and Laubier, 1987;
Godert and Squires, 1990; Beaushamp and Savard, 1992;
Kauffman e al., 1996; Bianchi and Morri, 2000 72 &). L
DLRDBG, EHAKEOERICA I, BEREWITHNLL
THATICHIEL TR Y, ZofbaERkix, #HyicfiE L
M3y <Ml oYL I h A FHORER L3R
5. Lk Z Lo, RigTRETEMICERILS “Serpula”
LRtk L7z,

LZEERIEBBHEDNREICEITT

LRHEEOSEER L EK

VEmA KA Ob AL, R 8em Ich 2D Ko —
BH “Thyasira” ¥ X OVERILA “Serpula” 732 v =—
RicEES 22 L, ¥XZ LT AFO Solemya sp. 7 ¥
T A BED Myrtea ? sp. 325 Z & TRHESITHR 5.
NFUHAR, VERTAR, XL VAR, l/\‘fh
b REORIFER_AMEA TH D (Fisher, 1990).
EKa%HI@EEm,ﬁ%%kﬁmﬁ%ﬁkhkﬁmb
. AIRABNOICAEREE, B OVESE OEYE Lt
L CTHEFMICKERAEYEZREL TWD., ZOX57%2K
LA R OPER B X OV R, AEHEMEF A RN

BT - SGitiets - e - R B - KB - V= rR o X A= - RHER - -

77V T EORECEDOFEERMEEOER ZR VTN
T LETRRTD.

NFEUTAR B ZEZHRE LY X TARRLXFXZ LY
AR EFEET D L S BEEMRIE, BAEBIWMEA DA Z
UEAKEREICRBN TR DN TWS, BIAEREOF & L
T, AL #E @ K 150 m O Thyasira spp. B4 (Dando et
al., 1991), A F&—> 7§ D K 300~804 m @ Conchocele
bisecta Ff % (Kuzunetsov et al., 1989; Kamenev e al.,
2001; Sahling et al., 2003), /N7 7 =a—F% =7 By vy
J R @ 7K B 1000 m £ 3T @ Conchocele novaeguinensis £f:
# (Okutani, 2002), A ¥ ¥ 22 ® K 513~754 m
Thyasira oleophila # £ (Callender & Powell, 1992, 1997,
2000), w—L > A AR HL D 7K % 3800~3900 m @
Thyasira insignis 48 (Mayer et al., 1988), H ARl O /K
YR 7326~7434 m @D Maorithyas hadalis #£ 55, 1 X OV K
5343~6390 m O Parathyasira kaireiae ¥£ 4 (Fujikura et al.,
1999, Okutani ef al., 1999, & 1 2*, 2000; Fujikura et al.,
2002) BEFLNDB.

F I ALAREE T DWW TIE, Thyasira b L < 13 Conchocele
DMEERE D D VL ZER & L TEE LA & KT
L4 L LT, deKiER: O EHTHE Humptulips B (Goedert
and Squires, 1990) 35 X O fx_EEAAHTHE — W meoln
Creek J8 (Peckmann eral., 2002), JLHE DT K i I8
(Majima ez al., 2005) 3 X O'i&NE (Kanno, 1967; Amano
and Jenkins, 2007), [LITEE D L& EP%J? ﬁEZIWEEE (B -
M&w%)ﬁ%%w?ﬁﬁ%umﬁgﬁ%}WQ
1993; Befk, 1998), AR o TEFEHHA 2 KB (4R
Wy - [EIUG, 1997), FEPM o SEHTHE (IR 1 2>, 2000) 23
FFohd, AT, Zhbood BIKARE, MiAEHE,
HEPIEE DA PR S RFBERNARLE D 7 — % DESIT &5
T, WiEKEOICFEESILARE L L TRES LTV D
(Majima etal., 2005).

7272 L, Majima eral. (2005) 23 EHi3 5 L 912, V¥
AR, NFTTARL, FXZ VAR, A X ABKD
< ey, BBFAKMESARBYARNEOSWEETETD
BTG ZRMEIRERBEIC L AER L 9 515 ﬁJZ WMATH 5.
FDI, EMAKEFED “Thyasira”- Serpula” FEHE DS
A ABKITHEKILL TWep & 5 2O NT, BB
LIRETT 5.

ERFHH L HEEE

Ve A PG O %54 7 BRSSO HETE A S 0i, IHNETH
HENTE WmBEAMEAIRERO b O LERBL TN 5.
“Thyasira”-"Serpula” FHEZET HREI 7 74 ML,
BRI & WIS L AIRWES & BAE Y A 7 RITEAE L T
WL L, —HPRAELL TS Z L, 2L THEYOE
BEBERES F TRV e A FEZHEEALTNS Z
ETHREST NS, Zb ORI, RS TRk
TN D B MR AR OIEEAIEAKE— F (diffusive
phase; Campbell et al., 2002) Db D& —FT 5.
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F o, EHARKE 2T D MRaIKE R IZE D 6
DA N v F 7T ARG L, B S TR
BRI D LN TWHIEETH S (Peckmann et al., 2002;
Peckmann and Thiel, 2004). A b v~ ¥ 7 574 A L I3,
REARED~T Y FIZLIZLERDLND — MR
ZeifEE T, TrE AR T, EEARHEASH 5 Wik ki
kDO b D %9 (Dupont, 1881). WA kv~ ¥ 75 ¢
ARG L, 2 e EFAARCE T, BE S, TS
FHA D 5 WIETicdhZe b o %9 (Peckmann et al.,
2002) .

A2 bm=Z 774 ZDOKEITONTE, EPRR (N
77U 7=y MC X D microbiarite R ML), HIKIE
DFK, WK ICHEL L RPERE X b FiIcEL
ZERR 7R L, KA R R OR STV S (Bathurst, 1982;
Monty, 1995). —J5, #iA kv~ 7 5 ¢ A IC o
W, AR RERE S S BIERE T IR W TEMA I N
DPHNCTA U T 280 - ZEIC sk 32 LIRS v Tn b
(Peckmann et al, 2002) .

Peckmann et al. (2002) 1%, AbK76 B D dAHTHHTE — BT
Lincoln Creek J&F O miEKMEA AR F OHFE A b v~ X
7T A4 AFHEEOEGREZ L TO LS ICHHAL . A4
VBRI O FBHEREY) R TIE, BREEET N7 T ) T &R
& VAT —2 7 L OILFEHR (consortium) 1T K 2 HfEK
# A % vk (AOM: Anaerobic Oxidation of Methane)
DT, T > TTVH ) EN LR L REEE M H
T 5. ZOHE, REEAITA Y OMGIRO S, OF
D HEREW) D EREB I M 22> TIAREKE 7% (Greinert ef al.,
2002). A PRACSEEHIIC T 7 I CGEFT T 556, A
JRALIZE VRS NZIRE R 7 T4 b FRABER, 1LFAL
DAREFRER & OMICABR RSN 2R T 5. —F, FHE
MOBERETE S E S TREFHE & O M OB TR
WOBHNWENETRD. T OBIRIICIEE L oY — RO
BV A MTEEENTCRERE D, A F T A DORHSE
I Lo TRIRITHENL - BESND L, ZER EmAEL 2
WA Nw~Z 7T 4 AEOZEABERIND. T OZ%ER
D, MRS D WL T ey ZIROFBAFFA THRESNLD
LA N~ Z T ARG 2 b DB A DY —
DB LTS

WA KA DRHRIE, 0 X 5 e iffnm v — N D3SEAT o
IFRICEET DL THD. Bt DD WVITHERAR O
WBKEAIREIZED 5D 7 2 FRoBRESE L Z
NETERXNAIZTI Ty MZEDbDL L THESH
T & 7z (Teichert et al., 2005; Conti and Fontana, 2005).
L 2L, #EEAKE OFPIRIEE X, 881 0850 5 22
e ZDOFRBEIZLL DD THL Z ERbr5. 0O X
5 IR R ACEIF AE R L <, BE 1m P Eichlzo
THRETDLETFIX, €7 7HKAE (Monty, 1995) 1ZE5LL
3 5. BT 7 AKEE, FTHAERORERBE~ Y v
Kb <HE S TnDE M (Krause et al., 2004), *
HABKEATREN D bHEINLTWDS Bz, Try

2008 4 10 A

a D vV El Borj Body: Barbieri et al., 2004 ).

Y7 TRPEDRKICONTIE, ZIVIRRERED v %
e ¥y 7 e faE (Heckel, 1972), F2HRBEREEIC R £
NWRBERER 2 EW I S 72 b @ (Bathurst, 1980), /37
7V 7~y h#K (Pratt, 1982) 72 &, ¥ H 2 2 LMF
D—F & TR (Flugel, 2004). Krause (2001) I3,
Jek xR FINIC 94+ D AV K E 2 5 Meiklejohn Peak
REAKAE~D v NZ@EONDE T TERL LA b
nv T4 ARG AL, OB HANA FL—
N DR « TERIC &b 72 O HERERIRRE 7 ) A7 —~_—v =2
VICHEET D EWmUTL. 2 VA H — =T a3 e, -
BRI P - THUKIE % & Lo RIBHERIY) 25 PR O A
Wy w2 & T ETOMFMICENL L, EHCERT 51E
HADZ & &9, Krause (2001) i Xivid, €7 7HEkEIR
RS 13 S RHIRIHERE ) O BRAEF2BR (Taber, 1929) T
S 15 segregation ice sheet ICI TR Y, £l A X A
NL— k2 & WEEO 2 7 3EHT b RO REE R >
72> TW5 (Malone, 1990; Beauchamp, 2004).

TERARKEDE 7 7 RIEED, BTl FhopkR
LD DROPITONTIE, REMALLTIERW, 727
L, MRZERICHER N v~X 7T 4 ARREREREO D
R, VIRVt 2 5 e E I 7 74 R b
bbb, Zo¥T TIREEOEMIE, N7 TV
7wy MR DERmRBE TR, LAY RE
TR 2 VIR ER S L TWD 2 & BRE S
5.

SHOBEELHRESR

Pbo X iz, AEERE L fEma e e L oMk
FREEI, A7 ABARMEAKE L L TIRETRESNT
SAKED TN LLBORFEEFL TN EWVRD.
L2xL s e, EHEAKE OACAREEED A Z U HKITE
KT2bDTHDNE I PITONTIE, REEIEHORSE -
BER R EFNAR I N A F ~—H—72 & LM e et %
ERATOVEDR D D.

Ve A PR DN HERR U Tz AL, AP E iR 2R
2 F g REUVAFHESIY) D32 B 0~ © “HBCH B~ L dnif
L (Campbell and Bottjer, 1995), V¥ 4 A FonF v H
A B L, BTEIC D20 DA E R A H 2N IR L o B
fRTH 2 (MacAlester, 1966; Little and Vrijenhoek, 2003;
FEJR, 2003). EHAIKATROND X9 REhd TRA
DONF T HAR A ZFER L T 20AREIL, Ao
R D A & BRI 2 D IXRIEHRE L TWR .
—705, RBEIONF S HAFHTH DA F 474 J& Conchocele
X, BIAEMRLIEE, BARKSH O X &7 Bk IR A 8T
HIZRJRIEBRBE 2 b 8L < WE S T2 (Majima et al.,
2005). PEEA S ORKRSCHERRS 2 5005 Z LI,
NTF 2T A B TR DAL A AR RE R ~ O JiE G KB L
OEBEEBEYT 2 L TEETHD. T, AFEHBEROE
BAKHEACEREDIE L AL OBEMAS, JLHHEICREL T



b 84 = FEIREEE - BB - JoMEts - ke - R % -

DT LaEAD L, EHAKED OISR A R EE
PP RCbEEREREZ D DOLENAD.

FEH

(1) &xBRmyG+m (AR o RE R A K
AL, AL RIS 250 m, AL —REFE 1A
400 m OFEFR IS D, HEROGIKEROREGAETD
5. APCEE L A DV MEFABAIREER THEL T
BY, LEALITWEMNTHL Z 206, ERAKEL,
JEFH D v N5 DSHERE L 72 MBI TR IS IRk S vz
LEZLND.

(2) EHAKEOEF, DIREI 7 T4 b EHRAT—
b EDEE 1em 35~% cm 3 T ITEATICHET 5 IR
HIRAE, 2) WRER 7 T A I REUA S HAEITE
325 “Thyasira”-“Serpula” K%, 3) BRBILGH
KD 3O HRERE AL, LIRUIZZEDEBICHIKE Y
VN EEES.

(3) flAKE O FiFa v— 8L, v— NRZEHA B H
FEIRBBET I Lo THREI NI b DICHKT S, &
O v— MRZERE, LIRLIE EEAYS T, TSR
HAIZZIRZL TRY, WhW 2R ke~ Z 7T+
ZREREDNRO LN D, Z OIS, WK IR E
RITHEMIZBD 51T b (Peckmann et al., 2002;
Peckmann and Thiel, 2004 ).

(4) TEHAKRAE XV ZE T 2 KB ZHH &, Katto
and Hattori (1964) IZ k> T~ /L2 & L H A £ O HiE
Aphrodina hattaii & U CEEHEINTZH D TH DD, HH
FE B X ORIPIRIIE 2 /il U Ik, A~
HAFICET 22 ERA LD ERoTe. ORI
Ze 9% 50E, NF A A BD Thyasira J& ORI E
20, B AXBKRETH D 2 & IR O R
IZOUWTIX, Cocnchocele JBICEE 5. ZDI &b,
KREDBAIZDOWTIL, “Thyasira” & L7z, {EHAIK
=0 B AR, “Thyasira” hataii (2 3> THEE X1,
“Thyasira” sp. 1, > % 3 A £t Myrtea ? sp., ¥ X & L' H
A B} Solemya sp. ZE9.

(5) EHAKEE, NFUvTAR, v HAHR, X%
LA B2 EACFEER KA G 7 D BE 2 HAEIC
FEHIT 2 2 &, ZoAMEBEHO LV MRICH L TE
KThHDHI &, Fio, MEKRMERPE ITREEIICEED 5
NDHA NS I T ¢ ARG Z R T 2L REND,
A AFKIC K o TR SNBSS S, L7
B, RF - BRLEERMMAKL, S A~—h—%FCX
DX LRDBAEDPLIETH S,

g

3

FERHKAER O 2 12id, MXKESEZEL THRAES A%
W EMEZM-> THE £ L. KX&dBn= o9

KEfMFE - VxR X un—| - BHE - FigkE—

NV N OBRAENK - R KKICE, HERIE B
L CTRitFHICAR D £ Lk, MMEETIZE L Tid, Andrezej
Kaim f& = (Polish Academy of Science, Institute of
Paleobiology) ¥ £ U Maurice E. Jenkins K I #ZBHTH &
Flik. £k, ZAOEREOFICL, BERaAV M
WIZTRE, RimOAREWRBGTICRIILbE LTz, 2k, K
Moea 3351, ARPFRIS AL 18 FEFR
PR EMB &R (B) (FREE 5 18340165 @ H HEAL LA
ML & oAb A B O L O R — X & L BKEG D
HTFHEICHROLTO) Z2HLELZ. SCL TE#L £
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